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Abstract 
Considering the even more complex system, varying operation boundary and working conditions i. e. load demand, 
coal quality and ambient temperature, the energy consumption of power unit changes in different parts with time. The 
idea of spatial-temporal energy-saving effect of thermal power units was proposed. The specific coal consumption 
theory was improved by considering the internal characteristics of equipment, the coupling correlation among 
equipment and the dependant features between system and varying operation boundary. The energy-consumption 
benchmark state was determined under off-designed operation conditions. The case study on 1000MW supercritical 
power unit shows that the energy-saving effect is related to the varying operation boundary and the energy 
consumption of each device is caused mainly by its own structure imperfection with the rest by the system topology. 
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1. Introduction 
According to specific functions, the equipment in coal-fired power systems can be classified into two 
categories i. e. functional device and energy-saving equipment. The former is to complete a material 
production or energy conversion (such as boiler, steam turbine and generator); the latter is for energy 
conservation thanks to its energy reduction features (such as regenerative heaters)[1]. In fact, all power 
devices in operation contribute to energy consumption. The energy-saving equipment, however, 
contributes to more energy conservation than to their own energy consuming, which is termed as 
traditional energy-saving effects[1, 2]. Such an effect was quantified by Song[2] based on the theory of 
specific coal consumption (ESFC) analysis. It is a common way to calculate the energy-saving effects of 
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specific equipment by decoupling it from the whole system. In this mean it’s inexplicit for traditional 
energy-saving effect to name the substantial features for energy losses and interrelationship between 
different equipment, especially with varying ambient factors and operation conditions. 
As a matter of fact, both functional equipment and energy-saving equipment can make energy-saving 
contributions. As shown in Fig. 1, if Heater A, without decoupling from main structure, is improved to its 
realizable optimal state, the operating state of the devices next to A (such as B and C) will change. This 
affects the performance of following devices in virtue of coupling effect. For this, the overall energy-
consumption feature would be changed with more uncertainties. In addition, considering complex 
external boundary (load, ambient temperature, coal, etc.), the energy-saving effect of thermal power units 
has a spatial and temporal characteristics. Corresponding to traditional energy-saving effect, it is called 
spatial-temporal energy-saving effect in this paper. To determine the specific effect, the energy-
consumption coupling between units was calculated based on an improved theory of ESFC[3, 4], without 
considering the dynamic effect of complex external factors. Wang[5] proposed a idea of energy-
consumption benchmark under varying operation boundary, introducing a data mining-based method to 
determine the benchmark state. The resultant state is data-depending with some constriction in 
interpretability. 
The idea of spatial-temporal energy-saving effect was proposed and the coupling between equipment 
and systems was determined. An optimization model of energy-consumption benchmark under varying 
operation boundary was built to evaluate the spatial-temporal energy-consumption effect of 1000MW 
case unit. 
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Fig. 1 Spatial-temporal energy-saving effect                             Fig. 2 Correlation of energy consumption  
2. Idea description and model building 
2.1 Theory of ESFC analysis 
The general expression of the theory of ESFC analysis: 
min ¦ jb b b                                                                            (1) 
Where, bmin is theoretical minimum fuel consumption (TMSFC) for the product, which is product fuel 
consumption without any exergy loss; bj is additional fuel specific consumption (ASFC). 
The ASFC of equipment is divided into two parts: additional fuel consumption caused by equipment 
itself (ASFCI); additional fuel consumption caused by coupling relationship between equipment and 
systems (ASFCS). 
 str syssi si sib b b                                                                            (2) 
2.2 Idea of spatial-temporal energy-saving effect 
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Fig.2 shows that the operating boundary can be classified into: external boundary (coal quality, 
ambient temperature, load etc.) and internal boundary(equipment performance, operating and 
maintenance parameters). A state reflects the combination of physical conditions, boundary conditions, 
equipment performance and operating conditions. The energy-consumption benchmark state corresponds 
to that with current boundary, operation conditions and the lowest energy consumption by optimizing 
controllable variables. By comparing the energy consumption between actual state and benchmark state, 
the spatial-temporal energy-saving effect can be calculated and described. Thus the energy-saving 
diagnosis can be made under different operation boundaries and conditions. 
3. Case study and discussions 
A 1000MW ultra supercritical coal-fired unit is taken as case unit and the spatial-temporal energy-
consumption effect is modelled and determined on Ebsilon platform, shown as Fig.3.  
 
Fig.3 Diagram of 1000MW ultra supercritical unit built by Ebsilon 
Table 1 shows that turbine cylinders contribute to more energy consumption than other equipment, 
which mainly resulted from the structure factors of each device. In addition, AFSCS of energy-
consumption benchmark states is lower than that of actual states, esp. under conditions of lower load. 
Table 1. Spatial-temporal energy-saving effect (A: actual conditions; B: benchmark conditions) 
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The calculation results in Fig. 3 show that the total GCCR of energy-consumption benchmark states is 
boundary-dependant. It decreases with the load and increases with the circulate water temperature (CWT). 
In addition, the spatial-temporal energy-saving effect is also changing with load and CWT. The 
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increasing range of GCCR is within 2%~3% with CWT changing from 21 oC to 30 oC The energy-saving 
effect increases slowly with the CWT and reaches the maximum under 50%THA condition. 
Tab.2 Spatial-temporal energy-saving effect under 
different unit states 
 
CWT(ć) THA 75% 50% 40% 30% 
20 1.84 2.36 2.49 2.01 1.51 
21 1.84 2.37 2.51 2.03 1.51 
22 1.85 2.38 2.54 2.04 1.52 
23 1.86 2.39 2.57 2.06 1.52 
24 1.87 2.40 2.60 2.08 1.52 
25 1.88 2.41 2.63 2.10 1.52 
26 1.89 2.42 2.65 2.13 1.52 
27 1.90 2.43 2.68 2.15 1.53 
28 1.90 2.44 2.71 2.17 1.53 
29 1.91 2.44 2.74 2.19 1.53 
30 1.92 2.45 2.77 2.20 1.53 
 
Fig.3 GCCR change with circulating temperature of energy-
consumption benchmark state 
4. Conclusions 
Spatial-temporal energy-saving effect is significant for the energy-consumption diagnosis benchmark 
state of large coal-fired power units. With the idea of spatial-temporal energy-saving effect, the energy-
consumption benchmark state can reflect the boundary conditions, operation level and equipment 
performance etc.; the energy-saving effect is dynamically varying, depending on the specific coupling of 
equipment, subsystems and units, as well as varying boundaries.  
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